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Abstract 
Elevated arsenic (As) in groundwater is a well-known phenomenon in the Bengal delta plain (BDP). It has been 
found that mobilization of As can be influenced by the presence of dissolved organic carbon (DOC) and other 
mineral phases (specially Fe). In this study, groundwater samples were filtered through varying pore size membrane 
filters to investigate the fractional distribution of As associated with colloids. Arsenic was found to be associated with 
colloidal particles having organic matter and Fe mineral phases. This finding is very important for explaining the 
release mechanism of groundwater As, because such data did not exist with respect to BDP, related to the dissolved 
phase/colloidal retention of As. This study shows that it would be better to consider the dissolved and colloidal 
phases as potential scavengers of As when assessing its mobilization or mitigation. 
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1. Introduction 
The prolonged consumption of groundwater with high arsenic (As) contents emerged lately to be a 
serious global public health issue, leading to unprecedented environmental problems, especially in parts 
of southeast Asia [1]. The scale of the problem is notably serious in the BDP, including Bangladesh and 
West-Bengal, India, where the population heavily relies on groundwater. Elevated As in groundwater was 
found to have correlations with dissolved organic matter (DOM) and dissolved Fe [2]. High 
concentrations of dissolved organic carbon compete for the binding sites on the mineral phases and 
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influence the speciation of dissolved As [3]. As can get attached with the organic matter (humic 
components) through covalent bonding [3]. Fe-oxyhydroxides bind As more efficiently in presence of the 
organic matter [4]. However, As(III) and As(V) react with the organic matter differently depending on the 
As/DOC ratio [3]. Apart from the study by [5], not much is known about the mobilization of As in 
presence of dissolved or colloidal DOC and Fe mineral phases.  
In addition, no data is available regarding the colloidal distribution of As in different size fractions in 
the BDP groundwater, the major drinking water source to the largest population exposed to As poisoning 
in the globe. Therefore, this study is focused on characterizing the principal colloids in the BDP 
groundwater and assesses the fractional distribution of dissolved As among them.  
2. Field sampling and experimental 
Groundwater samples from 15 hand operated domestic wells from the Chakdaha block (latitude 23o 00/ 
20//–23o 05/ 20// N; longitude 88o 31/ 40//–88o 49/ 00// E) of Nadia district, West Bengal, India, were 
collected from the study area (total As concentration was above 50 µg/L in all the cases) on the basis of a 
previously done study [2]. The wells were first pumped for about 15 minutes prior to ensure eruption of 
the standing water inside the pipes. Groundwater samples were first filtered through a 0.45 µm cellulose 
nitrate filter, and then ultra-filtered through 0.22 µm, 0.1 µm and 0.01 µm respectively (Millipore Isopore 
Membrane filters, cellulose nitrate membrane). All these filtration steps has been carried out under N2 
atmosphere. For major, trace and ultra trace elements, water samples were first acidified with HNO3 
(0.2% v/v, suprapur, MERCK, Germany), and then analyzed by using a High Resolution Inductively 
Coupled Plasma Mass Spectrometer (HR-ICP-MS Inductively coupled plasma mass spectroscopy, 
Agilent 7500C) (sample dilution 1:1 with 1% HNO3 of sub-boiled quality). Another group was left 
unacidified for anion analysis with the help of 761 Compact Ion Chromatography system equipped with 
an 813 compact auto-sampler and a conductivity detector (Metrohm, Switzerland). The concentration of 
dissolved organic carbon (DOC) was determined with a high TOC analyzer (Elementar, Hanau). Water 
quality parameters pH, Eh, conductivity, temperature (WTW multimeters) and HCO3- (titrating with 0.2 
M H2SO4) are measured at the well head. The colloid containing membranes were put in acid-washed 
petri dishes and then kept in N2 sealed plastic bags. The water samples, samples for DOC measurement 
and the membrane samples were stored at 4oC. Morphological and elemental analysis of the colloids 
adsorbed on the membrane ultrafilters was performed by Scanning Electron Microscopy (SEM) and 
Energy Dispersive X-ray (EDX) analysis (Microanalysis separation energy EDX and Quantax with 
detector spectrometer Bruker-AXS Microanalysis XFlash, Berlin, Germany). 
3. Results and discussion 
3.1. Water Chemistry and As distribution 
The groundwater is overall reducing in nature and the pH values are in the circumneutral range. The 
major cation being Ca2+, followed by Mg2+, Na+, K+, and Mn2+. The major anion being HCO3- followed 
by Cl-, SO42-, NO3- and PO43-. Almost all the samples are high in Fe concentration and the DOC values 
are variable from well to well. Apart from 3 samples (DS22, DS29 and DS 211), all the wells have total 
As concentrations above 50 µg/L. However, in case of all the wells, As concentration is gradually 
decreased after each filtration step (Table 1) indicating the involvement of the dissolved or colloidal 
phases that are scavenging As out of the aqueous media. The As concentration is decreased even with the 
0.05 µm, highlighting the role of very small colloids to remove As. Moreover, the high concentration of 
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DOC and moderate concentration of Fe in this fraction indicate the possible formation of colloidal 
organo-metallic complexes that can sweep off dissolved As from groundwater. 
Table 1. Varying As concentrations in each filtration steps. 
Sample ID As (µg/L) 
Raw 0.45 
µm 
0.22 
µm 
0.10 
µm 
0.05 
µm 
DS15 215.34 74.02 73.22 66.75 52.11 
DS16 71.04 69.12 63.50 61.57 60.33 
DS17 259.35 232.88 230.28 222.26 216.86 
DS117 260.12 259.16 258.81 252.18 244.58 
DS21 93.78 92.93 92.43 91.32 89.24 
DS22 45.91 42.98 42.69 42.61 39.84 
DS23 74.85 73.52 72.33 70.91 69.93 
DS24 128.79 118.75 115.86 111.01 107.90 
DS25 72.33 67.31 66.87 60.49 59.78 
DS26 91.45 91.03 88.61 87.80 87.21 
DS27 73.98 73.73 73.13 71.13 69.25 
DS28 91.26 89.69 88.42 86.34 85.92 
DS29 39.21 38.69 37.32 36.76 34.97 
DS210 69.71 65.31 61.33 60.22 60.16 
DS211 43.48 43.43 42.42 42.15 40.92 
3.2. Solid phase analysis 
SEM was carried out on the colloid containing filters to give morphological and elemental information 
(Fig 1a). The colloidal particles are found to have quite smooth surface and rounded in shape (Fig 1a). 
The EDX analysis (Fig 1b) of the colloid in the figure shows that of C, O, Fe, and As was the major 
components of it. It indicates that there are organic colloidal particles with Fe phases bound to it. The 
presence of As in the colloid particle demonstrates that As is attached with an organometallic colloid 
which is smaller in size than 0.05 µm. However, Guo et al. [5] found the involvement of purely organic 
colloid particle associated to As in Hetao Basin, Mongolia. 
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Fig. 1. (a) SEM image of the colloidal organo-metallic particle; (b) EDX spectra for the colloidal particle. 
4. Conclusion 
Groundwaters were filtered through different pore size filter papers to assess the fractional distribution 
of As retained with colloidal particles. No specific data regarding the colloid-bound distribution of As is 
available in BDP groundwater. It was found that As decreased in subsequent filtration steps through 
different sized membrane filters indicating the involvement of dissolved organo-Fe complexes or 
colloidal organo-Fe oxide phases scavenging dissolved As. SEM and EDX results re-confirm the 
presence of As attached with DOC and Fe mineral phases.  
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